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Preface 


Science should be made as simple as possible, but not simpler. 
Albert Einstein (1879-1955) 


In 1959, Arthur Kornberg received the Nobel Prize in medicine and 
physiology for his pioneering work on the biological synthesis of DNA, 
an event that marked the beginning of a tremendous effort to understand 
how cells and viruses replicate their genetic information. This effort pro- 
duced a new field of scientific research known as DNA replication, ac- 
companied by an extensive literature that has accumulated over the past 
35 years. In 1991, Arthur Kornberg and Tania Baker dealt with this vast 
and complex literature by publishing a wonderful synopsis of DNA 
replication that covers all aspects of the subject, but whose particular 
strength lies in its clearly articulated description of the many manifesta- 
tions of DNA synthesis observed in prokaryotic cells, their bac- 
teriophages, and their plasmids. The goal of this book is to provide a 
more detailed treatment of the subject of DNA replication in eukaryotic 
cells. 

During the past two decades, advances in technology have permitted 
analyses of viral, mitochondrial, and cellular genomes that previously 
had not been possible. Interest in this field accelerated as it became clear 
that regulation of DNA replication was central to understanding regula- 
tion of cell and viral proliferation, events that have a direct impact on our 
understanding of human diseases. Given the complexity of eukaryotic 
cells and their need to coordinate proliferation with differentiation during 
animal development, it is not surprising that the subject of DNA replica- 
tion in eukaryotic cells is more complex than may have been anticipated. 
On the order of 30 to 40 proteins are involved directly in the process of 
DNA replication, as are components of the transcription machinery, 
chromosome structure, and nuclear structure. DNA replication in eukary- 
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otes involves nuclear and mitochondrial genomes as well as viral 
genomes containing single-stranded or double-stranded DNA or RNA. It 
involves specific DNA sequences that determine where replication be- 
gins (replication origins) and that mark the ends of linear chromosomes 
(telomeres). It involves decisions of when, where, and how to initiate 
DNA replication, repair DNA damage that would otherwise interfere 
with replication, and ensure that one, and only one, complete and ac- 
curate copy of its genome is made before a cell attempts to divide. It util- 
izes many of the same principles found in prokaryotic cells but offers the 
possibility that new principles, uniquely suited to problems encountered 
in eukaryotes, still await discovery. Nevertheless, progress in this field 
has been impressive. 

Our knowledge of events at DNA replication forks in eukaryotic 
DNA now rivals that in prokaryotic systems: All of the DNA and RNA 
replication intermediates have been identified, and the proteins that 
synthesize and repair DNA, as well as the genes that produce these 
proteins, are well on the way to full disclosure. Even the more subtle pro- 
cesses that initiate and regulate replication are yielding to investigation. 
Several viral origins have been characterized and shown to contain tran- 
scription elements and to function in soluble systems with purified com- 
ponents, behaving in many ways like prokaryotic replication origins. The 
genomes of mitochondria and single-cell organisms also contain well- 
characterized replication origins, and many of the proteins that interact 
with them have been identified. However, initiation of replication at 
these origins has not yet been made to occur outside of the cell. In- 
triguingly, the genomes of metazoan organisms contain more complex 
replication origins whose function depends on nuclear structure as well 
as soluble proteins. Many of the proteins that regulate DNA replication 
have been identified, and their chemical modifications and associations 
with other proteins have been monitored throughout the cell division 
cycle. Thus, Bruce Stillman, Director of the Cold Spring Harbor 
Laboratory, and John Inglis, Executive Director of the Cold Spring Har- 
bor Laboratory Press, believed that the time had come to collate this in- 
formation and summarize our current understanding of DNA replication 
in eukaryotic cells. I was invited to orchestrate the effort. 

The purpose of the book is threefold. First, it is for teachers who 
would appreciate a current survey of the concepts involved, but who do 
not have the time to sort through the vast amount of information on 
which these concepts are based. Second, it is for scientists already work- 
ing in this and other fields who would appreciate a synopsis of the facts 
and concepts that have emerged so far. Finally, it is for those who would 
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like to relate DNA replication to other biological problems in eukaryotes, 
but who may feel intimidated by the sheer size and complexity of the 
subject. Accordingly, we have organized the book into three parts: con- 
cepts, proteins, and systems. 

The first part presents the major concepts involved in DNA replica- 
tion as well as correlative subjects such as DNA repair, chromatin struc- 
ture, protein phosphorylation, and cell cycle control. Each chapter col- 
lates results from many different experimental systems, distills the essen- 
tial ideas from these results, searches for common underlying themes, 
and presents to the reader as coherent a view of the subject as possible. 
The second part describes each class of proteins that are directly in- 
volved in DNA replication. These chapters summarize the current infor- 
mation concerning the structure of these proteins, their catalytic ac- 
tivities, their mechanism of action, and useful inhibitors and genetic 
mutations. The third group of chapters describes what is known about 
how a particular genome replicates. Each chapter identifies the DNA 
replication intermediates, the specific DNA or RNA sequences that are 
required, and the replication proteins that are involved. Although this ap- 
proach results in a certain amount of redundancy, it also allows the same 
material to be presented by different authors with different points of 
view. 

To ensure that each aspect of the subject was accurately, completely, 
and clearly presented, 92 scientists in the field of DNA replication partic- 
ipated in assembling this book. Each of the 40 chapters was written inde- 
pendently by its respective author(s), then reviewed by the editor as well 
as one or more experts in that aspect of the subject. These included au- 
thors of other chapters as well as the reviewers acknowledged below. In 
addition, this work would not have been possible without the patient, 
cheerful, and professional editorial staff at the Cold Spring Harbor 
Laboratory Press. In particular, we are indebted to Patricia Barker and 
Joan Ebert for bringing this book to fruition. I also thank Dr. Ernst Win- 
nacker, Director of the Gene Center at the University of Munich in 
Germany, and the Humboldt Society for enabling me to take a brief sab- 
batical in an excellent scientific environment that contributed to the suc- 
cess of this project. 

On behalf of the authors, the external reviewers, and the members of 
the Cold Spring Harbor Laboratory Press, I express the hope that those 
who read this book will enjoy it as much as did those who wrote it. 


March, 1996 Melvin L. DePamphilis 
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